Amphibolite-facies para-and orthogneisses near Dulan, in the southeast part of the North Qaidam terrane, enclose minor ultra-high pressure (UHP) eclogite and peridotite. Field relations and coesite inclusions in zircons from paragneiss suggest that felsic, mafic, and ultramafic rocks all experienced UHP metamorphism and a common amphibolite-facies retrogression. SHRIMP-RG U-Pb and REE analyses of zircons from two granitic orthogneisses indicate magmatic crystallization at 927 ± 7 Ma and 921 ± 7 Ma. Zircon rims in one of these samples yield younger ages (397-618 Ma) compatible with partial zircon recrystallization during in-situ Ordovician-Silurian eclogite-facies metamorphism previously determined from eclogite and paragneiss in this area. The similarity between a 2496 ± 18 Ma xenocrystic core and 2.4-2.5 Ga zircon cores in the surrounding paragneiss suggests that the granites intruded the sediments or that the granite is a melt of the older basement which supplied detritus to the sediments. The magmatic ages of the granitic orthogneisses are similar to 920-930 Ma ages of (meta)granitoids described further northwest in the North Qaidam terrane and its correlative west of the Altyn Tagh fault, suggesting that these areas formed a coherent block prior to widespread Middle Proterozoic granitic magmatism.
Introduction
Metamorphism at ultra-high pressure (UHP; coesite stability field, P>27 kbar) conditions in continental subduction-collision belts has been documented from more than 15 localities (e.g., Liou et al., 2002) . Typically, evidence of UHP meta-morphism is preserved as rare mineral inclusions or relict mineral assemblages within host rocks that equilibrated at crustal conditions. Lower-pressure rocks that predate the UHP metamorphism but preserve pre-UHP mineral assemblages, textures, and isotopic compositions (e.g., Lappin et al., 1979; Tilton et al., 1997; Krabbendam et al., 2000; Wain et al., 2001 ) have been interpreted to indicate either tectonic juxtaposition after UHP metamorphism ("exotic"), or widespread metastability of lower pressure assemblages during in-situ UHP metamorphism (e.g., Griffin et al., 1985; Austrheim, 1987; Cong et al., 2000) .
Granitic orthogneiss in the North Qaidam HP/UHP terrane of western China ( Fig. 1 ) encloses eclogite, yet lacks mineralogic evidence of UHP metamorphism.
These relations have been interpreted to indicate a metamorphic and tectonic history for the orthogneiss separate from that of the adjacent HP/UHP rocks: Song et al. (2003a) proposed that although the orthogneiss may have provided detritus to the protolith of the adjacent, coesite-bearing paragneiss, the orthogneiss itself may not have experienced UHP metamorphism, requiring an "exotic" origin for the eclogite layers enclosed by the orthogneiss. Gehrels et al. (2003a) interpreted high-pressure metamorphism to predate granitic intrusion, requiring continental collision during or prior to mid-Proterozoic time rather than in the early Paleozoic as previously proposed (Song et al., 2005; Yang et al., 2001a, b, c) . Here we present SHRIMP-RG U-Pb geochronology and REE geochemistry of zircons from two granitic orthogneisses near Dulan (Fig. 1) , in the southeast part of the North Qaidam terrane, to clarify the relation between the orthogneiss and adjacent HP/UHP rocks.
Geologic Background
The northwest-southeast trending North Qaidam terrane records early Paleozoic continental collision, and is bounded on the southwest by the Qaidam Basin, and on the northeast by the Qilian terrane ( Fig. 1 ; Yang et al., 2001c) . The basement of the North Qaidam terrane is the Proterozoic Dakandaban Group gneiss, which is overlain by Paleozoic metasediments, and intruded by granites. The Dakandaban Group includes paragneiss, orthogneiss, marble, amphibolite, migmatite, and locally eclogite and garnet peridotite (Yang et al., 1994 (Yang et al., , 1998 (Yang et al., , 2001a . Eclogite has been discovered over a distance of 350 km, in the Lüliang Shan, Xitie Shan, and near Dulan (Fig. 1) . The eclogite and peridotite occur as blocks, boudins or layers in the host para-and orthogneiss, and typically are 10's to <1m across. Zircon U-Pb ages from gneiss, eclogite, and peridotite of the North Qaidam terrane have been interpreted to record peak metamorphism between 423-497 Ma, similar to Sm-Nd garnet-omphacite-whole rock isochron ages from eclogite (Yang et al., 2001b (Yang et al., , c, 2002 Song et al., 2003a Song et al., , 2005 Zhang et al., 2005b ).
The granites cross-cut the regional foliation; they crystallized between 397-456 Ma, and are thought to be coeval with continental collision between the North Qaidam and Qilian terranes (Gehrels et al., 2003a; Wu et al., 2001 Wu et al., , 2004 . North of the North Qaidam terrane, granites in the southern Qilian terrane (Fig. 1) have I-type geochemistry, 425-496 Ma ages, and are interpreted to represent arc magmatism (Gehrels et al., 2003a; Wu et al., 2001 ). The subduction polarity responsible for convergence, magmatism, and subsequent collision of the North Qaidam and Qilian terranes is unclear, and models involving both north-dipping subduction (Yang et al., 2001c (Yang et al., , 2002 Yin and Harrison, 2000) and south-dipping subduction (Gehrels et al., 2003a, b) have been proposed. Additional field and geochronological work is required to resolve this problem.
Near Dulan, collision-related granite and granodiorite of the Yematan batholith (Fig. 2) cut the northwest striking amphibolite-facies foliation in the Dakandaban Group gneisses, and yield a U-Pb zircon age of 397 ± 3 Ma (Wu et al., 2001 (Wu et al., , 2004 . Song et al. (2003b) determined peak conditions of 631-746
• C, 29-33 kbar for eclogites near Dulan, and the discovery of coesite included in zircon from the host paragneiss confirms that both the mafic/ultramafic rocks and the felsic host gneiss were metamorphosed at UHP conditions (Song et al., 2001a (Song et al., , b, 2003b Yang et al., 2001a) . Our recent zircon U-Pb geochronology from paragneiss, eclogite, and amphibolite near Dulan indicate eclogite-facies metamorphism at 450-425
Ma (Mattinson et al., 2004 (Mattinson et al., , 2005 . Zircon U-Pb ages of 932-1097 Ma have been reported for granitic orthogneiss in the Dulan area (Song et al., 2001a, b; Yang et al., 2001b) . All rock types were subsequently uplifted and eroded during Cenozoic deformation associated with the India-Asia collision.
Sample Description
Two samples of granitic orthogneiss were collected for zircon U-Pb geochronology (Fig. 2) . Both samples are medium-grained, with a well-developed foliation defined by muscovite and biotite, concordant with the fabric in the surrounding rocks. Granitic orthogneiss D7B contains quartz, microcline, sericitized plagioclase, muscovite, biotite, apatite, very minor garnet, and zircon. 
Analytical Methods
Zircon U-Pb geochronology and trace element analyses were performed in separate analytical sessions using the Stanford/USGS SHRIMP-RG (reverse geometry) facility. Zircon grains separated from the samples were mounted with zircon age standard R33 (Black et al., 2004) in a 2.54 cm epoxy disc and polished to approximate half-sections prior to reflected light and cathodoluminescence (CL) imaging.
Cathodoluminescence images were collected using a JEOL 5600LV scanning electron microscope equipped with a Hamamatsu photomultiplier tube. SHRIMP analysis spots were chosen to avoid any cracks, pits, or inclusions identified in CL and reflected light images. The sample was coated with high-purity Au, and placed under high vacuum for one day prior to analysis to minimize interference from gas species.
The analytical routine for U-Pb geochronology followed Williams (1998), and age calculations were performed using the Isoplot and Squid programs (Ludwig, 2001 (Ludwig, , 2003 and IUGS recommended decay constants (Steiger and Jäger, 1977 The concentration of U was calibrated using zircon standard CZ3 (U = 550 ppm; et al., 1994) , and the Pb/U ratio was calibrated using zircon age standard R33 (419 Ma; Black et al., 2004) . Zircons from the samples were analyzed over two sessions: three analyses of each sample were conducted in a reconnaissance session (not included in Fig. 3 Fig. 3 and Hoskin (1998) . These concentrations were converted to chondrite-normalized patterns (Coryell et al., 1963) 
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Results
Most zircons from granitic orthogneiss D7B display oscillatory zoning in CL ( Fig.   3c , analyses 5 and 19), with or without a dark CL core (Fig. 3c , analysis 14), and several grains contain a luminous, unzoned rim ( Fig. 3c , analyses 3 and 10). Sixteen analyses of the oscillatory zoned interior yield 386-1392 ppm U, and Th/U = 0.06-0.53 ( Fig. 3e ; Table 1 ). The concordia age (Ludwig, 1998) of 926.6 ± 6.9 Ma (from nine analyses; Fig. 3a ; Table 1 ) excludes three analyses with minor reverse discordance, and younger analyses which we interpret to have experienced Pb-loss.
The chondrite-normalized REE patterns ( 3b and e; Table 1 ). Trace element analyses of two rims contain less pronounced Eu anomalies, flatter LREE slopes, and lower HREE concentrations (Eu/Eu* = 0.16-0.33, Lu n = 100-1000; Fig. 3c and Table 2 , analyses 1 and 3).
The zircons from granitic orthogneiss D15D display euhedral, oscillatory CL zoning, with brighter CL euhedral cores surrounded by darker CL rims (Fig. 3f , analyses 1, 2, and 5), without obvious metamorphic overgrowths. Seventeen analyses yield 115-1418 ppm U (increasing from core to rim), and Th/U = 0.07-0.45 ( Fig. 3e ; Table 1 ). The concordia age (Ludwig, 1998) of 921.4 ± 7.0 Ma (from 11 analyses; Fig. 3d ; Table 1 ) excludes younger analyses which we interpret to have experienced Pb-loss. The REE patterns contain prominent negative Eu anomalies (Eu/Eu* = 0.06-0.20), and are enriched in HREE (Lu n = 600-6900; Fig. 3f and 
Discussion
We interpret orthogneiss samples D7B and D15D to record magmatic crystallization at 926.6 ± 6.9 Ma and 921.4 ± 7.0 Ma, respectively, based on euhedral oscillatory zoning in CL (e.g., Hanchar and Miller, 1993; Corfu et al., 2003) We interpret younger analyses of the oscillatory zoned cores to have been affected by Pb-loss, so they are not included in the calculation of the concordia ages. Several of the younger ages are marked by slightly elevated common Pb levels, and one REE analysis shows elevated LREE ( Fig. 3c and Ordovician-Silurian metamorphism, may be responsible for the Pb-loss observed in our samples.
Analyses of the high CL rims in sample D7B do not yield a coherent age group, in part due to minor overlap with cores, complicated by elevated common Pb levels.
The ages are similar to 425-450 Ma zircon ages of eclogite-facies metamorphism in adjacent eclogite and paragneiss (Mattinson et al., 2004 (Mattinson et al., , 2005 , suggesting that zircon rims in orthogneiss formed during the same event. As noted above, the flat The luminous CL rims of sample D7B contain variable Th/U ratios lower than those in the oscillatory zoned cores ( Fig. 3d ; Table 1 ). Metamorphic recrystallization of zircon releases trace elements such as U, Th, Pb, and REE, and the less compatible Th will be expelled preferentially relative to U (Pidgeon, 1992; Pidgeon et al., 1998; Hoskin and Black, 2000) . The Th/U ratio is commonly used as a discriminant between igneous and metamorphic zircon, but this criterion must be applied cautiously, as low Th/U may also result from fluid composition or coexisting Th-rich minerals (Keppler and Wyllie, 1990; Hermann, 2002) . In this case, the variable Th/U is best explained by incomplete recrystallization. The analysis with the lowest Th/U ratio also has the lowest REE concentration (analysis 3), consistent with a recrystallization origin (Pidgeon, 1992; Pidgeon et al., 1998; Hoskin and Black, 2000) . The low HREE concentration in analysis 3 may also reflect equilibration with minor garnet in the sample (e.g., Schaltegger et al., 1999; Rubatto, 2002; Whitehouse and Platt, 2003) .
The ages we obtain are similar to previously reported 932-1097 Ma orthogneiss ages from the Dulan area (Song et al., 2001a, b; Yang et al., 2001b) . However, based on the absence of metamorphic overgrowths visible in CL, Song et al. (2003a) concluded that the Dulan orthogneiss may not have experienced UHP metamorphism. The metamorphic rims in sample D7B (Fig. 3c , analyses 3 and 10; Table 1) support our conclusion, based on field evidence, that both para-and orthogneisses share a common metamorphic history, including UHP metamorphism. Song et al.
(2003a) also concluded, based on the similarity between CL textures in paragneiss detrital cores and orthogneiss grains, that the orthogneiss may be a source for the sedimentary protolith of the paragneiss. However, the presence of a 2496 ± 18
Ma xenocrystic core in one orthogneiss zircon (Fig. 3c, analysis 17) , similar in age to zircon detrital cores in adjacent paragneiss, suggests that the granite intruded the sediments or that the granite is a melt of the older basement which supplied detritus to the sediments. Of 15 paragneiss grain cores analyzed, 5 are 2.4-2.5 Ga, including 3 analyses that are <10% discordant, and the youngest analysis <30% discordant is 1.45 Ga; no 920-930 Ma ages were obtained (Mattinson et al., 2004 (Mattinson et al., , 2005 .
Middle Proterozoic (meta)granitic plutons similar in age to those presented in this study have been described to the north, in the Qilian terrane (Gehrels et al., 2003a) , to the northwest, in the Lüliang Shan (Gehrels et al., 2003a ; C.A. Wetherill concordia (Wetherill, 1956 ) for sample D7B. Plotted ratios are corrected for common Pb using measured 204 Pb, and error ellipses are 2σ. (c) Cathodoluminescence images and REE plots (Coryell et al., 1963) . Samples were analyzed in two sessions: samples D7B-2, D7B-3, D7B-5, D15D-2, D15D-3, and D15D-4 (not plotted on Fig. 3) were analysed 11 October 2003, for which the error in standard calibration was 0.46% (2!); all other samples were analyzed 3-4 March 2005, for which the error in standard calibration was 0.66% (2!). The error in standard calibration is not included in the errors listed above, but is required when comparing data from different sessions, or with other geochronological data. *Common Pb corrected by assuming 206 Pb/ 238 U -207 Pb/ 235 U age-concordance ( 207 Pb correction, Williams, 1998). †Common Pb corrected using measured 204 Pb. ‡Analysis included in concordia age calculation. 
